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Monday, February 4, 2013 223athe NBDmodel MJ0796 (M. jannaschiiNBD), we found complete dissociation
of ATP-induced NBD dimers following ATP hydrolysis. However, it is still
unknown if dissociation requires ATP hydrolysis by one or both sites in the
NBD dimer. Here, we used LRET to study heterodimers formed by a normal
(acceptor-labeled) and a catalytically defective (MJ0796-E171Q; donor-
labeled) NBD. Rapid mixing experiments in a stop-flow chamber showed
that NBD heterodimers with one functional and one inactive site dissociate
at a rate undistinguishable from that of dimers with two hydrolysis-
competent sites (~0.1 s1). These results indicate that one ATP hydrolysis
event is sufficient to elicit dimer dissociation. Comparison with the rates of
hydrolysis of normal dimers and heterodimers strongly suggests that in the
dimers with two hydrolysis-competent sites, the two ATPs are hydrolyzed
‘‘simultaneously’’, before NBD dissociation takes place. Additional LRET
experiments forming heterodimers with mutants of ATP-interacting residues
suggest an important role of the electrostatic balance for the dimer stability.
Thus, charge changes after ATP hydrolysis might be destabilizing the dimer
interface and promoting NBD dissociation. This work is supported by CPRIT
grant RP101073.
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FRET Quenching by a Hybrid Voltage Sensor (Hvos) Reveals that the
Na/Glucose Cotransporter (SGLT1) Is a Disulfide-Bridged Homodimer
with Re-Entrant 12-13 Loop
Louis J. Sasseville, Michael J. Coady, Rikard Blunck, Jean-Yves Lapointe.
Universite´ de Montreal, Montre´al, QC, Canada.
Determining the structural characteristics of membrane transporters is essential
to understanding their mechanisms. The sodium-glucose cotransporter 1
(SGLT1) has 14 transmembrane segments (TMs) and is a member of the
LeuT structural family as demonstrated by the crystal structure of Vibrio
SGLT. Despite numerous studies on SGLT1, its quaternary structure and the
possibility of a re-entrant loop between TMs 12 and 13 (following LeuT num-
bering) are still uncertain. In this study, dipicrylamine (DPA), a lipophilic anion
which distributes across the membrane according to the membrane potential,
was used as a resonance-energy-transfer acceptor from donor molecules at-
tached to SGLT1 via cysteine labelling. By randomly labelling SGLT1 C511
with Alexa 488-C5-maleimide and tetramethylrhodamine-C5-maleimide
(TMR), we observed a clear DPA-sensitive FRET signal indicating molecular
contact between SGLT1 monomers. Western blotting of myc-tagged SGLT1 in
absence of the reducing agent b-mercaptoethanol revealed a 150 kDa band
which disappeared in the presence of b-mercaptoethanol, leaving only
a 75 kDa band as would be expected for monomeric SGLT1. Using a series
of 18 mutants where individual cysteines were replaced by alanine, C355
was found to be responsible for the disulfide bridge that stabilizes SGLT1 di-
mers. We also investigated the loop between TMs 12 and 13 by measuring en-
ergy transfer between TMR-tagged SGLT1 E624C and DPA. We
unambiguously found that this loop, which is poorly conserved in Vibrio
SGLT and is assumed to be intracellular, lies significantly above the extracel-
lular plane of the membrane. Taken together, these results establish structural
characteristics of SGLT1 which could not be settled using the bacterial homo-
log structure.
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GpA Dimerization in Plasma Membranes of CHO, HEK293T and
A431 Cells
Sarvenaz Sarabipour, Kalina Hristova.
The Johns Hopkins University, Baltimore, MD, USA.
Glycophorin A is the major sialoglycoprotein of the human erythrocyte mem-
brane. GpA dimerization has been extensively studied in detergents and in
model lipid bilayers, but measurements in the plasma membrane of mammalian
cells are rare. Using a FRET based technique, we have measured the free en-
ergy of GpA dimerization in plasma membrane vesicles derived from Chinese
Hamster Ovary (CHO), Human Embryonic Kidney (HEK293T) and A431 (epi-
dermoid carcinoma) cells, using three different vesiculation methods. These
measurements provide new insights into the effect of the environment on mem-
brane protein interactions.
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Monitoring the CEACAM1 Monomer and Dimer Distribution upon Cell-
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Kelsey J. Downie, Jocelyn R. Lo, Scott D. Gray-Owen, Christopher M. Yip.
University of Toronto, Toronto, ON, Canada.
The carcinoembryonic antigen-related cellular adhesion molecule 1
(CEACAM1) is an intercellular adhesion molecule that plays a key role in
processes related to cell growth, differentiation, and infection in normal and
cancerous cells. Expressed on the cell surface, its extracellular domainparticipates in interactions with CEACAMs on neighbouring cells, as well as
interacting with Opa proteins expressed on Neisseria gonorrhoeae and
Neisseria meningitides in order to facilitate bacterial entry. While CEACAM1
is known to exist in both monomeric and dimeric states that are heteroge-
neously distributed at the cell surface, which form participates in the various
inter-cellular and bacterial interactions remains a mystery. Resolving this un-
certainty is fundamental to understanding the role of the receptor, as the
monomer-dimer status of CEACAM1 has been shown to differentially affect
its ability to bind certain downstream signalling molecules. We are using
live cell fluorescence and homogeneous Fo¨rster resonance energy transfer
(homo-FRET) microscopy on a combined total internal reflection fluorescence
polarization microscopy (TIRFPM) and confocal microscopy platform to
investigate the distribution, dynamics, and monomer-dimer equilibrium of
EYFP-labeled CEACAM1. Cells expressing the labeled receptor are monitored
as they come into contact with CEACAM1-engaging surfaces, such as other
cells or glass dishes that have been patterned with Opaþ Neisseria gonor-
rhoeae. These approaches will allow us to directly examine the initial stages
of CEACAM1 association with CEACAM1-interacting proteins and will
answer critical questions regarding the nature of these interactions. Such
insights are essential for understanding the nature of CEACAM1 signalling,
function, and regulation, and ultimately targeting its functions for purposes
such as cancer therapy or the treatment of infection.
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Synaptotagmin 1 (Syt1) is a synaptic vesicle-anchored membrane protein that
acts as the major calcium sensor for the regulated neuronal exocytosis. A sol-
uble fragment of Syt1, which has the two cytoplasmic C2 domains but lacks the
transmembrane domain, has been the subject of extensive studies and is be-
lieved to mimic the main functions of Syt1. However detailed conformational
studies of the full-length Syt1 during the triggering of membrane fusion and the
mechanisms involved in the regulation by the full-length Syt1 has not been re-
ported. Here we employed EPR spectroscopy and signal molecule fluorescence
spectroscopy to investigate the vesicle-anchored full-length Syt1 structure reg-
ulated by Ca2þ in the presence of key membrane lipids, such as PS and PIP2.
CW-EPR lineshapes from the region linking the transmembrane domain to the
first C2 domain indicate that the juxtamembrane region has some secondary
structure or is membrane associated. Power saturation of the spectra indicate
that most of this linker is located between membrane interface and the lipid
head-group region, and double electron-electron resonance (DEER) measure-
ments of single spin-labeled Syt1 mutants indicate that Syt1 tends to form di-
mers or small clusters. The structure of full-length Syt1 is also being probed on
supported bilayers using fluorescence interference contrast microscopy (FLIC)
to determine the position of the linker region and the position of the C2 domains
under conditions where binding to a second bilayer surface takes place.
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Protein Dynamical Transition at Cryogenic Temperatures
Chae Un Kim1, Mark W. Tate2, Sol M. Gruner1,2.
1Cornell High Energy Synchrotron Source (CHESS) and Macromolecular
Crystallography at CHESS (MacCHESS), Ithaca, NY, USA, 2Physics
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Hydrated proteins are known to undergo a dynamical transition at around 200
K. Several mechanisms have been proposed but the underlying mechanism,
physical origin and relationship to water remain controversial. We studied pro-
tein dynamics inside protein crystals using a high pressure cryocooling tech-
nique [1] and X-ray diffraction at cryogenic temperatures (90 to 160 K).
Water crystallization was bypassed by inducing an unusual form of water:
high-density amorphous ice. Surprisingly, we observed a protein dynamical
transition as low as 110 K, which is ~ 100 K below the conventional protein
dynamical transition temperatures (200 - 240 K) [2]. This unexpected protein
dynamical transition precisely correlated with the cryogenic phase transition
of water from a high-density amorphous to low-density amorphous state [3].
The results provide new insights into the underlying mechanism of protein dy-
namical transition and its relationship with the unusual physical properties of
supercooled water.
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Nanoscale Confinement Effects on the Fast Motions of the Backbone and
Side Chains of Ubiquitin
Nathaniel V. Nucci, Veronica R. Moorman, Kathleen G. Valentine,
A. Joshua Wand.
University of Pennsylvania, Philadelphia, PA, USA.
The prevailingmodel for solvent dependence of proteinmotions, the solvent slav-
ing model, predicts that protein motions should be dramatically dependent on the
dynamics of the solvent.Wehavepreviouslymeasured the dynamics ofwater near
the surface of ubiquitinwhen encapsulated in reversemicelles. In order to directly
investigate the relationship between protein and solvent motions, we have mea-
sured the backbone and side chain ps-nsmotions of ubiquitinunder various reverse
micelle encapsulation conditions using nuclear spin relaxation methods. Confine-
ment of the protein in the aqueous core of the reverse micelle produces a strong,
general damping of the fast backbone motions of the protein. In distinct contrast,
the side chainmethylmotions are only slightly affectedbyencapsulation in reverse
micelles. No strong correlations between the protein motional character and
the dynamics of the protein’s hydration layer were observed, suggesting that the
dynamics of watermolecules near the protein surface haveminimal consequences
for fast dynamic motions of proteins. Supported by NSF grant MCB 0842814,
NIH GM102477, and NIH postdoctoral fellowship GM087099 to N.V.N.
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Aromatic Amino Acids as Probes of Protein Affinity for Lipid Membranes
Andrew K. Fraser, Merrell A. Johnson, Bruce D. Ray, Horia I. Petrache.
Indiana University Purdue University Indianapolis, Indianapolis, IN, USA.
We investigate protein-lipid interactions using the fact that the H1 NMR and
UV absorption spectra of aromatic amino acids depend on environment. For
calibration, we first generate reference spectra using isopropanol-water solu-
tions to mimic changes in hydrobobicity, and correlate UV with 1H NMR
chemical shifts. We then apply this method to measure the interaction of tyro-
sine (Tyr), tryptophan (Trp) and phenylalanine (Phe) with 1,2-dioleoyl-sn-glyc-
ero-3-phosphocholine (DOPC) and 1,2-Dioleoyl-sn-glycero-3-phosphoserine
(DOPS) lipid membranes. By measuring characteristic shifts of aromatic resi-
dues we can characterize protein affinity to lipid membranes.
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Downregulation of Nrf2 in Hela Cells by Self-Conditioned Media
Saheli Sarkar1, Christine K. Payne1, Melissa L. Kemp1,2.
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Nuclear factor erythroid 2-related factor-2 (Nrf2) is critical in maintaining in-
tracellular redox homeostasis by promoting transcription of several antioxidant
and cytoprotective genes. The Nrf2 signaling pathway has been implicated in
malignancies, inflammatory and neurodegenerative diseases. Recent reports
have shown that culture-conditioned media can selectively regulate Nrf2 ex-
pression in brain cells such as astrocytes and microglia; however, not much
is known about how cells self-regulate their endogenous Nrf2 through secretory
mechanisms. In our study, HeLa cells were cultured in media containing 0.5%
FBS for 24 hours to produce conditioned media. Serum starved cells treated
with conditioned media for 3 hours showed lower levels of Nrf2 expression
in the nucleus compared to cells treated with unconditioned media. Increasing
the proportion of conditioned media resulted in a dose-dependent decrease in
Nrf2 expression, suggesting the presence of autocrine Nrf2-regulatory elements
in the HeLa cell secretome. Exposure to conditioned media did not cause any
change in Kelch-like ECH-associated protein-1 (Keap1), the inhibitory binding
partner of Nrf2. In summary, our data suggests the existence of a complicated
autocrine regulatory mechanism of this pathway at endogenous levels.
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Protein Dynamics of Cytochrome C Oxidase: Analysis of Vibrational
Components by Phase Sensitive Detection Applied to Modulated Excita-
tion-Seiras
Andreas Schwaighofer1, Dieter Baurecht2, Renate L.C. Naumann1,
Christoph Nowak1.
1Austrian Institute of Technology, Vienna, Austria, 2Institute of Physical
Chemistry, University of Vienna, Vienna, Austria.Cytochrome c oxidase (CcO) from R. sphaeroides was investigated by Modu-
lated Excitation Surface-Enhanced IR-Absorption Spectroscopy (ME-SEI-
RAS). Sequential electron transfer (ET) within CcO was initiated by
electrochemical excitation. During the modulated excitation by periodic poten-
tial pulses with frequencies between 20 Hz and 500 Hz, time-resolved IR spec-
tra were measured by the Step-Scan technique with time-resolution in the
millisecond time range. Conformational changes of the protein structure as a re-
sult of ET lead to rather complex SEIRA spectra with many overlapping bands
embedded in a broad background signal. Phase sensitive detection (PSD) was
used to separate single components within the broad band of overlapping struc-
tural bands in the amide region. PSD is able to extract the periodic response of
single components with the same frequency as the excitation from noise or
from static background and therefore enhances the signal-to-noise ratio. More-
over, PSD enables the validation of the fit model utilized for the deconvolution
of overlapping bands by analyzing the phase lags of single components ac-
quired at different stimulation frequencies. The phase lags between the evalu-
ated vibrational components and the modulated excitation increase with
increasing excitation frequencies, which is an inherent prerequisite of the eval-
uation method.
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Site-Resolved Hydration Dynamics of Staphylococcal Nuclease in Reverse
Micelles
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Measurements of water dynamics and protein-water interactions are essential to
understanding protein folding, structure, function, and dynamics. However,
protein-water interactions have historically been difficult to study and have
mostly been limited to indirect methods that are unable to measure transient
and short-lived interactions. We recently developed a novel method for study-
ing protein-water interactions using NMR spectroscopy by encapsulating pro-
teins of interest in reverse micelles. Appropriate amphiphilic surfactant
molecules spontaneously form nanoscale bubbles in the presence of a small
volume of water and bulk organic solvent, resulting in reverse micelles with
aqueous protein in the interior and organic solvent on the exterior. The removal
of bulk water and the effects of nanoconfinement slow protein hydration waters
allowing for site-resolved measurement of protein-water interactions and dy-
namics via the nuclear Overhauser effect. Staphylococcal nuclease (SNase)
is an extensively studied 16 kD protein with a large number of mutants that
have been well classified using standard biophysical techniques. Here we use
a pseudo wild-type hyperstable variant (DþPHS) and V66E mutant to study
surface protein-water dynamics and overall protein hydration. High resolution
NOESY-HSQC and ROESY-HSQCs were collected for SNase encapsulated in
reverse micelles. Site-specific ratios of NOE and ROE signal intensity at the
water chemical shift describe longevity of interacting waters, and can therefore
be mapped to the protein structure to determine areas of slow and fast hydration
dynamics. Supported by NSF grant MCB 0842814 and NIH postdoctoral fel-
lowship GM087099 to N.V.N.
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How do Three Proteins Generate Circadian Rhythms? The Detailed
Timing Mechanism of the Cyanobacterial Circadian Oscillator
Roger Tseng, Jonathan D. Kerby, Yong-Gang Chang, Andy LiWang.
University of California, Merced, MERCED, CA, USA.
Virtually all organisms contain a circadian clock that regulates gene expression,
metabolic pathway and cell division. These regulations enhance the fitness of
organisms by anticipating daily changes. To generate a clock, a stable oscilla-
tion must be maintained. Thus, we focus on understanding how molecular com-
ponents form an oscillator which drives a biological clock.
To study clock mechanism in detail, we use the cyanobacterial oscillator be-
cause it is the only system that can be functionally reconstituted in a test
tube. Mixing three clock proteins, KaiA, KaiB, and KaiC, and ATP produces
a robust 24-hour rhythm of KaiC phosphorylation/dephosphorylation. All other
oscillators are difficult to study at the mechanistic level because they cannot be
isolated from the complex milieu of living cells.
This oscillator has two distinct phases: 1) in Phosphorylation Phase, KaiA binds
to the C-terminal residues of KaiC known as the A-loop and stimulates KaiC
phosphorylation; 2) in Dephosphorylation Phase, KaiA is inhibited from bind-
ing to A-loop by KaiB, then KaiC dephosphorylates.
Our central hypothesis is that the KaiA binding site on KaiC (i.e. A-loop) ex-
periences a range of dynamic changes that drive preferential KaiA-KaiC inter-
action which is critical to the rhythm. Here we will present our latest findings of
this unique oscillator to gain a deep mechanistic insight into how these three
